Precursor balancing for metabolic engineering of lycopene production in Escherichia coli.
One issue that must be addressed in the rational design of metabolic pathways is the elimination of potential bottlenecks in the upstream pathways. We have reconstructed the isoprenoid pathway to overproduce the carotenoid lycopene in Escherichia coli. Here we show that the distribution between pyruvate and glyceraldehyde 3-phosphate (G3P), the originating precursors of the isoprenoid pathway, is a major factor that can limit isoprenoid production yields in E. coli. In particular, alterations in the central metabolism that redirect flux from pyruvate back to G3P enhance lycopene production, while alterations that channel carbon flux away from the G3P pool have the opposite effect. These results suggest that G3P may be limiting in the biosynthesis of lycopene, and modifications that achieve a more equitable distribution between the two precursors are able to increase the lycopene yield in metabolically engineered E. coli.